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Abstract 

We present multi-colour CCD photometry of GSC 4589-2999 obtained in 2008 
and 2009. The observations indicate that the system is an active Algol binary. 
Based on the new data, the mean brightness of the system is decreasing 
through the years 2007-2009. The light curves obtained in 2008-2009 are 
modelled using the Wilson- Devinney code. We also discussed the light and 
colour variations of the system at different orbital phases. Evidence suggests 
that these brightness and colour variations are due to the rotation of unevenly 
distributed starspots on two components of the system. 
Keywords: 
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1. Introduction 

GSC 4589-2999 (1/=10 m .54) is classified as an ecli psing binary star in 



the SIMBAD database. The system was discovered by 



Liakos and Niarchos 
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(120071 ). who provided an R band light curve. The binary has bee n included 



Liakos et al. 



( 1201 ll ) presented 



in our multi-colour photometric programme. 
BVRI light curves and the radial velocities. The physical properties and the 
absolute parameters of the components were given in their study. 

We report the new photometric observations, and discussed the light and 
colour variations of the system. The system is important not only because it 
joins the group of Algol type binary systems, but also because it is a part of 
an active Algol systems with total eclipse as we have showed in this study. 

2. Observations 

Observations were acquired with a thermoelectrically cooled ALTA U+42 
2048 x 2048-pixel CCD camera attached to a 40-cm Schmidt- Cassegrain MEADE 
telescope at Ege University Observatory. The BV Rl-band observations were 
recorded over twelve nights in 2008 and fifteen nights in 2009. We used 
GSC 4589-2984 and GSC 4589-2842 as a comparison and check star, respec- 
tively. The compar ison and check star s used in all the observations are the 



same stars used by 



Liakos et al. 



( 1201 ll ). There was no variation observed in 



the brightnesses of the comparison star. 

During the observations, we obtained four primary and one secondary 
times of minimum light. All the available times of minima are given in 
Table [TJ We combined our times of minima with the literature and obtained 
the new light elements as follows: 

T(HJD) = 2455103.4986(19) + l d .688646(6) x E . (1) 
All the phases in the tables and the figures are calculated with these new 
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light elements. The O — C diagram constructed by using the light elements 
given in Equation [TJ indicates no variability of the period. 



Table 1: The times of minimum light for GSC 4589-2999 






Year 


(O 


-C)i 


(O - C) n 


Type 


Filter 


RE 


54290.4167 


2007.51 





0653 


0.0012 


II 


RI 


1 


54306.4601 


2007.56 





0653 


0.0024 


I 


BVRI 


1 


54312.3603 


2007.57 





0548 


-0.0076 


II 


BVRI 


1 


54377.3822 


c\r\ r\'~7 r* 

2007.75 





0587 


0.0014 


T 

I 


R 


1 


54399.3355 


2007.81 





0579 


0.0023 


I 


R 


1 


54637.4327 


2008.46 





0373 


0.0004 


I 


BVRI 


1 


54642.4998 


2008.48 





0381 


0.0016 


I 


V 


1 


54691.4703 


2008.61 





0340 


0.0013 


I 


V 


1 


54752.2629 


2008.78 





0306 


0.0027 


I 


BVRI 


2 


54833.3082 


2009.00 





0145 


-0.0070 


I 


BVRI 


2 


55055.3703 


2009.61 





0023 


-0.0019 


II 


I 


2 


55076.4838 


2009.66 





0061 


0.0036 


I 


BVRI 


3 


55103.4982 


2009.74 





0000 


-0.0004 


I 


BVRI 
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Liakos and Niarchos ( 



2009) 
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3 This Study 



The observed V light and B-V colour curves are shown in Figure 1. The 
shape of the light curves indicate that GSC 4589-2999 is an Algol type binary. 
The system has a totality in the secondary eclipse, which lasts about ~1.97 
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Figure 1: 2008 (left) and 2009 (right) light and colour curves obtained in this study. 



hours. The light curve variations which obtained in 2008 and 2009 are the 
different. Both minima are asymmetrical enough in the light curves. The 
mean depths of eclipses in B, V, R, and I filters are m 252, m 236, m .222, 
and m 204 in the primary minimum and m 056, m 061, m .066, and m 083 
in the secondary minimum, respectively. The light curves also display an 
asymmetrical light variations at outside of the eclipse. The amplitudes of 
these variations are ~0 m 052, m 059, m .062, m 069 in the B, V, R, and / 
filters, respectively. These light variations are very similar to the photometric 
variations commonly observed for RS CVn type variables, which appear to 
arise from an uneven distribution of star spots over the surface of the rotating 
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star (jHalll . Il976l ). The gener al features ar e not s imilar to those of the light 
curves previously taken from iLiakos et al.l ( 1201 ll ). 



3. Discussion and conclusions 



3.1. The activity of both components 

The previous light curves of the system have been presented and their 



variations discussed by 



Liakos et al. 



( 120111 ). They argued for a cool spot in 
the secondary component. However, all the phenomena observed in the light 
curves could not be explained by taking into account only one component's 
spot activity. GSC 4589-2999 has a totality in the secondary eclipse. The 
brightness level at totality of the secondary minimum change in each obser- 



vation. This light variability seen in the total secondary ec 



ipse should be 



originated from the more massive primary star. ILiakos et al.l ( 1201 ll ) analysed 
the light curves with the radial velocity curve and derived the orbital param- 
eters of the system. Using these parameters of the system in this study, the 
R-band light curves observed in 2008 and 2009 were modelled by fitting dark 
spots onto the surface of the pri mary and secondary co mponents with using 
the PHOEBE V.0.31a software f lPrsa & Z witter! . 120051 ) . The result spot pa- 
rameters are listed in Table |2j The synthetic light curves obtained from the 
modelled light curves are seen in Figure 2. 

3.2. The shape of the light curves at the bottom of the primary minima 

The system shows at primary minimum either a curved bottom normal 
for a partial eclipse or a flat bottom which resembles a total eclipse. In 
order to study further changes at the primary minima, the observations in R 
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Figure 2: The R-band light curves observed in 2008 (upper panel) and 2009 (bottom 
panel) and the synthetic curves (lines) derived from the light curve models. 

filter are collected. The type of the bottom of the primary eclipse October 
12, 2008 was total, later, on September 28, 2009 it was partial. When a 
minimum showed asymmetry, the bottom of the eclipse shows partial shape. 
Both bottom types (partial or flat) of the brightness level at the primary 
minima have almost different. The shape of the minima in the light curves 
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Table 2: The spot parameters of the components in 2008 and 2009. 
Year Parameter Primary Secondary 

Spot I Spot II Spot I Spot II 



Co - Lat (°) 


56 


40 


66 




Co - Long (°) 





70 


70 




R(°) 


15 


15 


25 




Tspot/Tsur 


0.7 


0.8 


0.6 




Co - Lat (°) 


20 


40 


86 


85 


Co - Long (°) 


350 


45 


290 


95 




20 


10 


20 


25 


Tspot/Tsur 


0.6 


0.8 


0.6 


0.60 



will be changed whether the spots are located at minimum phases toward 
to observing side or not. The brightness level of the primary minima in all 
filters are listed in Table |3] The variation of the brightness level in R filter 
are seen in Figure |3j As seen from Table |3] and Figure [31 the brightness 
level of the primary minimum is decreasing ~0 m .09 during three years. It 
seems likely that the brightness changes in the secondary component caused 
by spots is responsible for these variations. 

We conclude here that the system exhibits both types of bottoms of the 
primary minimum and the change between two types occurs rather frequently 



and rapid 
binaries. 



v. Ma n y inves tigators have reported such activities on active Algol 



Olson! ( 11982al Jbl) discovered the variable depth, which was only a 



l ittle but considered real, of the total primary minimum in U Sge. 



Olson 



( 119871 ) proposed an explanation that the brightness changes could be due to 
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Figure 3: The variation of the brightness level of the primary minimum of GSC 4589-2999. 



the temperature variations on the photosphere of the cool component. 



3.3. The out- of- eclipse variation 



The brightness o i 
The observations of 



the system is decreasing though the years 2007-2009. 



Liakos and Niarchod (120071 ) showed that the light vari- 



ations of out-of-eclipse had the smallest amplitude observed in 2007. In 
the observing season 2008, the amplitude increased to m .024. These light 
variations are caused by the effects of cool spot activity existing on both 
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components of the system. 

In addition, we noticed considerable changes in the shape of the light 
curve on timescales of a few weeks in our observations. The spot distribution 
on the surfaces of the components are rapidly changing. The effectivity of the 
spots vary from one month to the next with an amplitude of approximately 



m .07 in R 
DK CVn by 



liter. A similar behaviour was found in the light variation of 



DaletaL 



((20121). 

Examining carefully the light variation between the phases 0.70-0.95 in 
Figure 1, we revealed a rapid light variation at the same phases. One can 
notice that the observations made in August 03, 13, 18 and 25 revealed that 
the levels of light follow themselves in the observing season 2009. The light 
variations obtained in August 30, September 1 and October 1 also follow 
themselves in the general light variation. Although both these groups are 
corresponding to the same phases between 0.70 and 0.95, their levels are 
different from each other. 

3.4- The short-term variation behaviour in light and colour curves 

Apart from the long-term variations in the light curves, examining each 
nightly observation day by day demonstrated that there are also some distinc- 
tive short-term variations in even one observing season. As seen from Figure 
1, there are some distinctive relations between light and colour curves. Com- 
parisons of the observations phased between the same range indicate that 
the brightness level of the system is rapidly changing in even one season. In 
observing season 2008, the observations obtained in August 20, November 
16, and December 03 are corresponding to the same phases between 0.7 and 
0.8, however their brightness levels are different from each other. In 2008, 
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Table 3: The brightness level of the primary minima of GSC 4589-2999 



HJD 


B 


V 




R 


I 


Type 


(+24 00000) 


(mag) 


(mag) 


(mag) 


(mag) 




54296.3289 






-0 


41 Q 

4:1 J 






54306.4590 






-0 


497 






54377.3825 






-0 


423 




j 


54399.3345 






-0 


410 




j 


54752.2603 


-1.209 


-0.660 


-0 


377 


-0.096 


j 


54833.3150 


-1.212 


-0.656 


-0 


366 


-0.106 




55076.4784 


-1.175 


-0.644 


-0 


368 


-0.092 




55103.4985 


-1.153 


-0.614 


-0 


347 


-0.065 




54290.4179 






-0 


586 




II 


54643.3433 




-0.860 


-0 


569 


-0.266 


II 


54714.2662 


-1.450 


-0.894 


-0 


601 


-0.289 


II 


55055.3707 


-1.411 


-0.856 


-0 


574 


-0.265 


II 



the brightness level in the V-band decreased from August 20 to December 
03, while the B — V colour gotten bluer. Similarly, the observations in July 
28, October 12, and December 15 are corresponding to the same phase range. 
The levels of P^-band magnitude and B — V colour observed in July 28 and 
October 12 are almost the same. However, the brightness level in the y-band 
increased in December 15, and the B — V colour gotten bluer. In the same 
way, the level of the secondary minima is also changing. The observations 
in June 25 and September 04 are corresponding to the same phase interval 
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between 0.46 and 0.68. Comparison of these observations indicates that the 
level of the secondary minimum is changing. As seen in Figure 1, from June 
25 to September 04, the level of the y-band magnitude increased, while the 
B — V colour gotten bluer. In observing season 2009, there are six observing 
nights, in which the observations are corresponding to the same phases be- 
tween 0.6 and 0.8. The observations made in August 03, 13 and 18, revealed 
that the levels of both light and colour are almost the same. Similarly, the 
levels observed in August 30, September 01 and October 01 are the same 
among themselves. On the other hand, the mean levels obtained from these 
two observing groups are clearly different from each other. The level of the 
V-band magnitude decreased from the previous three night to the latter, 
while the B — V colour gotten bluer in contrast to the V light. The same 
phenomenon is seen in the observations made in July 23, August 04, 29 and 
October 07, which all of them are corresponding to the same phases between 
0.10 and 0.35. The levels of the light and colour are almost the same in July 
23, August 04, 29. However, the l/-band magnitude decreased in October 
07, while the B — V colour gotten bluer. 

4. Results 

Based on the results presented in the previous sections we draw conclu- 
sions as follows; 

• The main features of the light curves are: a) the asymmetry in the 
minima and the unequal maxima; b) the larger brightness variations at total 
primary minima than at any other phase. The observed light variations of 
GSC 4589-2999 can be well explained by the spot activity occurring on both 



11 



components of the system. 

• When the spots located on the components are seen at minimum phases, 
the amplitude of the light variation is larger than in other phases. These 
phenomenon is generally referred to a greater concentration of active re- 
gions when the act ive longitude is on the hemisphere facing the companion 



(ILanza et al. 



1998|). 



• The out-of-eclipse brightness variation of the system were examined in 
detailed. During the three years the average brightness has decreased about 
m .024. The larger brightness decreases occur at the primary eclipse. This 
indicates a change in the spots on the secondary component, that may be 
due to an increase in the spot coverage. The amplitude of each seasonal 
variation indicates the degree of spottedness of the stellar surface. The light 
variations during out-of-eclipses is highly variable, c hanging at times within 



a few week. Similar results have found for DK CVn ( iDal et al. 



20121 ) . 



• Another important feature observed in the system is colour variation 
behaviour. The B — V colour is sometimes getting bluer, while the brightness 
of the system is increasing. However, the B — V colour is also getting bluer, 
while the brightness level is decreasing. As it is well known, the long-term 
photometric studies of Solar like old stars demonstrated that the bright- 
hot features such as faculae provide larger excess to the total light, instead 
of the cool-dark features such stellar spots. These bright-hot features are 
generally located around the cool spots in the active regions on the stellar 
surface. In such the cool-dark spots cause general light variations 

due to the rotational modulation. In addition, the bright-hot faculae cause 
some additional blue excess in B — V and especially U — B ( IWilsonl . Il994 ; 
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Berdvugina, 



Liakos et al 



2005). If GSC 4589-2999 is a Solar like old system as offered by 



( 1201 ll ). the bright-hot features like faculae could occur on the 
stellar surface and also can cause the variations seen in the colour curves of 
both 2008 and 2009. 

• The short-term variations such as those observed from the system of 



GSC 4589-2999 are general 
Dra type stars (IStrassmeierl. 



LO Peg (IPandev et al 



y observed in the young and rapidly rotating BY 



such as DKCVn flDal et al 
tained by 



Liakos et al. 



20091 ). such as AB Dor flAmado et all . 120011 ) and 



2011) and also some low-mass close binary systems, 



20121 ) . However, according to the results ob- 



(120111 ). GSC 4589-2999 is an evolved system. In this 
case, the rapid variability seen in the system can not be caused due to young 
age, but it should be due to the binarity effect. 

• It is clear that more observations will be necessary to describe the long- 
term activity of GSC 4589-2999. Similar variations have also been observed 
for other active Algol binaries (Olson, 1987). We conclude that GSC 4589- 
2999 is a new Algol type active binary with a changing light curve. 

• GSC 4589-2999 has very high activity level. In terms of stellar astro- 
physics, the chromospherically active binary systems like GSC 4589-2999 are 
very important to understand the stellar evolution and also evolution of the 
angular mome ntum. Firstly, deve l oping a model about the formation of the 



close binaries, 



Rocha-Pinto et al. 



(120021 ) indicate some unexpected systems, 
which are chromospherically young without high Li abundance, while they 
are kinematically old. According to them, their components are generally 
rapidly rotating due to the binarity. The initial parameters of a system are 
important for such a model. The parameters of the system, which was in the 
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main-sequence stage, are generally assumed as the initial parameters. In this 
respect, the chromospherically active binary systems, whose components are 
still in the main-sequence, become very important to determine the absolute 
parameters such as mass, radii, rotational velocity, and so the stellar angular 
momentum in this stage. In addition, as it is seen from the literature, there 
are no more chromospherically active systems, enough to determine general 
outline of their absolute parameters in the main-sequence stage. Secondly, 
there is another unsolved problem about the stellar absolute parameters for 
the ch romospherically active components of the bina r ies. Several studies, 



such as 



2010), 



Lopez-Morales 



Fernandez et al. 



2007), 



feooj ), 



Casagrande et al 



Torres et al 



f|2008h . 



Morales et a 



fl2010h . and 



Kraus et al. 



(2008 



feoul), 



have already revealed that the radii of chromospherically active components 
are found dramatically larger than expected ones. The main effect on the 
larger radius seems to be the chromospheric activity. Although the general 
dividing is seen for the low mass stars, there is no information for the stars 
from the spectral types G and K due to fewer samples. In this respect, so 
many systems like GSC 4 589-2999 should be fo u nd to multiple t he nu mber 



of samples. 



Morales et al 



n addition, 



Lopez-Moralesl (120071 ). 



Morales et al 



()2008j) and 



(120101 ) mentioned that the best way to find radius of a star is 



the light curve analyses of eclipsing binaries, especially having minima with 
totality. 

Finally, it should be noted that the photometric observations of GSC 4589- 
2999 are continuing. Long-term photometry of the system will help paint a 
clearer picture of the activity nature of this interesting active binary. 
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